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ABSTRACT Th« kVMMM operoo in BaeiOus nMUs Is 
expressed from » —12^ '24 pruoioter anit tmscrlplloD Is 
sttmnlAted by ibe rvgulator LctR^ wkkfa contatas a domain 
bomdofOtff with the ccntnl domain of the NUA and NtrC 
ramUy oT retolaton. Wc boUtcd mulHBti Mtellvt In tiw 
cxpTMilMi or the Itvanaic opcm. Thcso sCralm contain nw- 
totlOM tkat Mine a Rcoc, cdUcd s4r£'» located Mwfen <g^<ir lyMl 
saeB on tbc gcnctk map. The sigL gene mm cloned und 
•eqncnccd. It encode* a polypcpttde conlalniRg 436 raidM 
witli a molecolar wciskt of 49^644, The amino add seqyoico oT 
SISL is iMOolosoiis whh att factors from Grani-B«B»UYC 
baclcrfai, Incivding Jfthkobium mtUM (32« Identity) and 
KiebiUUa pntumtmiM (30% Identity), B, sMOk agL mutaats 
have a pkiotropk pheootypc; (i) tjbe trtuMCriptlon of the 
icvanaae opcnm Is stnragly reduced and 00 In niinimal medium 
lacklnR ammonia, sigl' muMuitt cnunot grow when arvfailne, 
ornithine, Uoleudac, or valine is the sole nttroyen sonroe* 
These results Lodkntc that the rigL gene encodes an cqniTalent 
or the ir'* factor tn^. foMWr, to our icnowledgey the tint of this 
type to he idesttfied In Gi«m-poiittve bacteria. 



In Gram-negative bacteria, an altcniativo ^ ftctor. o^. 
allows transcription of genes involved in the assisiQation oT 
nitrogon sources^-e.g., the gene encoding glumminc synthe- 
tase and the genes involved in the imnsport of amino acids or 
required for nitrogen lUation (for reviews, sec refs. 1-3). In 
addition, other physiological functions such as caubolism of 
toluene and xylenes in Fseudomcnas putida^ the formate 
dc^Bdativc pathway, and pilin formation are also controlled 
by €r^. The promote rs of these genes arc transcribed by RN A 
polymerase containing and have couimon features: (0 
they arc devoid of the typical -10, -35 sequences recognized 
by the m^oro- factor, but they have strongly conserved -12, 
-24 regions; (I'O they require a positive regulatory protein 
such as NLfA or NtrC that interacts with upstream activating 
sequences (UAS) to stimulate the isomcrization of close 
complexes between RNA polymerase and the promoter to 
open complexes. 

We have previously shown that the levanase operon of 
Bacillus subtUis is transcribed from a -12, -24 promoter, to 
our icnowledge, the first of this type described in a Gram- 
positive organism. In addition, the expression of the opeion 
requires a speciiic regulatory protein, LcvR, which contains 
a 200-ainino acid domain simiiar to the central domains of 
NifA and NtrC. DNA sequences located upstream, at posi- 
tion -130 v^th respect to the transcription start site, are also 
necessary for full expression of the operon. We have shown 
that in EschtricMa coli the expression of this operon is 
strongly dependent upon ir^. These results suggest therefore 
that an equivaJcnt of cr^ cxiiits in B. subtiHs (4). <r*'*like 
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factors have not previously been identified in Gram-positive 
bacteria* 

In this work, we identified and chanvterized a gene called 
SigL that probably corresponds to the stnictural gene of the o^ 
QiB, subtUis, Strains containnig a j(g£ null mutadon have a 
pieiotrofric phenotype: the expression of the levanase operon is 
strongly reduced and the mutants arc imable to grow in minimal 
medium containing only arginine, onuthmc, valine, or isoleu* 
cine as nitrogen sources* The sequence of the sigL gene was 
determined.TThe deduced amino add sequence is very similar 
to o^ proteins from Gram-neffUive bacteria* 

MATKRIALS AND METHODS 

Bacterial StralnB. E, coli TGI has been described (5)* The 
following strains of B, subtHis were used in this study* 
BG4100 {sacB::car trpCl), obtained from D. Henner (Gen- 
entech). contains a sacB::ect insertion mutation disroptis«g 
the sacB gene encoding levansucrase with a chlorMiphenicoI 
resistance determinant (cor). QBI69 isaclM irpC2) contains 
a mutation in the l^vR gene (called sacLit^ leading to consti- 
tutive levanase synthesis. QB4106 icysBS hlsAl trpC2) was 
constructed by transformation. QB5S01 was constructed by 
introducing a levD^acZ ftision into QB169 as described 
below. QB5505 {sigL::aphA3 trpC2) contains a kanamycin- 
resistant determinant (6) disrupting the sigL gene as de^ 
scribed below, QB55(I1 was treated with ethyl methancsuU 
fonate (7) and white mutants were isolated* One such mutant 
was taken and designated QBS503. A recBrxat insertion 
mutation (8) was introduced into strain QB5503 by transfor- 
mation, giving strain QB5504. 

MedliMn, TkanrfdnnaUoB, and aeiectfoo of ReeoaMnaiits. 
The minimal medium used contained 50 mM glucose, 100 mM 
potassium phosphate (pH 7*0)> 0.5 mM MgS04* O.Ol mM 
MnS04, 0.02 mM PeCt}, SO ^ of tryptophan per ml, and 20 
mM nitrogen source as indicated. £. coli was transformed as 
described (9) and transformants were selected on Luria broth 
plates containing ampicillin (100 /ig/ml). TYansformation of 
B, subtilis was as described (10), and trvsformants were 
selected on SPem plates (11) containing erythromycin (25 
Mg/ml), SPcm plates containing chloramphenicol (5 ^/ml), 
or SPkm plates containiog kanamycin (5 MS/ml). 

Tranaductton. PBSl transduction experiments were car« 
ricd out as described (7, 12). 

Plasmlds. pHT305 is a derivative of pHT3101 (13) contain- 
ing an origin of replication from a Bacillus thuringiensis 
resident plasmid cloned in pUC19 (D. Leredus, personal 
communication). pAC7 is a derivative of plasmid pAC2 (4) 
constructed by replacing the cat gene with the aphA3 gene 
(14). pAC7 contains a promoterless lacZ gene between two 
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fragmenis of the B. subtilts amyE gene. Derivatives of this 
plasmid cannot rcpUcate in B, subtiHs but can integrate into 
the chromosome via homologous recombination at the amyE 
locus. A translational gene fusion of itvD to lacZ was 
constructed in pAC7 such that the resulting gene encoded the 
first 54 amino acids of UvP and all except the first 8 amino 
acids of iacZ as follows* A Pst I-£coRV DNA fragment 
containing It^R (sacLS) and the promoter of the ievanase 
operon was purified from plasmid pRL3 (>I>| treated with T4 
DKA polymerase, and cloned into the $ma I site of pAC7» 
giving pRL8. QBI69 was transformed with linearized pRL8, 
giving QB5501. 

Plasmids pSIG2, pSIG3, and pSIC5 were constructed by 
deleting the Sst I, EcoKV^ or Fsi I restriction fragments, 
respectively, from pSlCl as shown in Fig. 1. pSIGl is a 
plasmid isolated from a gene bank of B. subtUis DNA (15) 
constructed in the shuttle vector pMK4 (16). The $ph l^-Sai 
I foment of pSIGl was purified and cloned between the SpH 
I and Sat I restriction sites of the poly linker of pHT305, giving 
pSIG4« The Sph l-Pst I firagment of pSiGl was purified and 
made blunt using T4 DNA polymerase. This DKA fragment 
was cloned into the Sma I site of pHT^05, giving pSlC7. A 
l,5-)ciloba5c (kb> Cla I fragment containing the apHAJ gene 
was made blunt using the Klenow fragment of DNA poly- 
merase I and cloned between the two Eeo^V sites of pSlG5, 
givint pSIG6 (not shown). Strain 168 was transformed with 
pSIG6. One kanamycin-resistnnt. chloramphenicol-sensittve 
clone, called QB5505, contains the kanamycin cassette inte- 
grated into the ^IgL gene by a double crossover event. 

^-Calactosldase Asaays, B. subtilis cells containing lacZ 
fusions were grown at 37''C in Luria broth supplemented with 
tryptophan (50 ^g/ml). 0-Galactosidasc assays were carried 
out as described by Miller (17). 

DNA Manipulation. DKA sequences were determined by 
the dideoxynuclcotide chain-termination method with single- 
strand M13 phages as templates (18) and modified T7 DNA 
polymerase (Sequenaae» United States Biochemical). The 
nucleotide sequence of the second strand was determined by 
using a series of synthetic oligonucleotides priming at inter- 
vals of '^200 nucleotides. 

RESULTS 

IfoiatioD of Mutants Defective in the Expression of the 
Levanase Operon of Sitbiilis* The promoter proximal four 



genes of the levanase operon, l^vO, ttvEt I^vF^ and levG^ one 
involved in a fructose-phosphotransferase system and the 
distal gene, sacC^ encodes levanase (19, 20). We have 
previously shown that the levanase operon promoter is 
positively controlled by the levR gene, which is located just 
upstream of the operon (4). 

We have designed a screening procedure to isolate mutants 
defective in regulatory genes affecting the expression of the 
levanase operon. Mutants affected either in the structural 
gene of the of B. subtitis or in the ievR gene would be 
expected to be found by this procedure* To avoid the 
selection of levR mutants « a merodiplotd strain was con- 
structed. This strain (QB5501) contains two copies of the ievR 
constitutive allele {sacL8), one copy located at the original 
levanase locus and the other one located upstream from a 
levD-tacZ translational Aision introduced at the amyE locus. 
In this fusion strain, the lacZ gene is expressed from the 
promoter of the levanase operon and lacZ and sacC were 
indeed constitutive! y expressed. QB55Q1 displayed a dark 
blue phenotype when plated on 5-bromo-4-chloro-3-indoly) 
^wi>.galactoside (X-Gal) plates. A collection of mutants was 
obtained by ethyl methanesulfonate mutagenesis of QB5501. 
A total of 16 white mutants was independently obtained. 
Among them, two classes were distinguished on the basis of 
their phenotypes. In 10 mutants, saeC expression was con- 
stitutive. They were probably therefore affected in tacZ 
expression and hence were discarded. Six mutants in which 
lacZ and j/icC expression was strongly reduced were kept for 
further study, ^-Galactosidase synthesis was assayed in a 
culture of one of these mutants, QB5503. In this muunt, iacZ 
expression was abolished (6 units/mg of protein) as com- 
pared to the parental strain (^B5501 (820 units/mg of protein). 

The gene atfected in QB5503 was cloned by complomen* 
tation as follows, QB5503 was transformed with a B* subtitis 
gene bank (15) in a^. subtiHs/ E. cotl shuttle vector (16), and 
transformants were screened for blue colonics on X-Gal 
plates. Five btue colonies were observed among about 10,000 
transformants. Plasmids from these blue clones were trans- 
feired into £. coH for characterization. A restriction map was 
established for one plasmid called pSIGl (Fig, I). Plasmid 
pSIQI was reintroduced by transformation into the 6 ethyl 
methanesulfonate-induced B, subtilis mutants. Among the 
transformants of each mutant isolated on SPcm/X-Gal 
plates » 80% had a dark blue phenotype, indicating comple- 
mentation of lacZ expression. The remaining 20% white 
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FiQ. 1. Simplified restriction map of 
plasmids containing the cloned fr&gment 
U5cd in this work, pSlCl. pSlG2, p$lC3. 
and PSIC3 are pMK4 derivatives. pSlC4 
and pSlQ7 are pHT305 derivatives. 
BamVW* indicacen that the BamHl site 
was lost as a consequence of construc- 
tion. In pSlGl. boxes correspond to the 
pMK4 vector. 
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crBn8fQnnant« were prol>ably due to recombination between 
the gtnt cloned on the plasmid and its defective homologue 
on the chromosome, as shown below. This result strongly 
suggests that all 6 mutants are affected io the same gene, 
which was designated sigL* 

GcBcCte IIm Siniedire Asaiyvb or the «i(g£. Loctift. To locate 
preciseiy the gene isolated in plasmid pSIGl« deleted deriv- 
atives of this plasmid were constructed (see MattriaU and 
Methods) and tested for complementation of the QB5503 sigL 
mutant. Plasmids pSI02> pSl03. and pSlG5 were derived 
from pSIGl by eliminating the Su I, EcoKV, or Pst I DNA 
fragments, respectively (Fig. 1). Plasmids p$IG4 and pSIG7 
were obtained by cloning the Sph ISal I or the Sph h^st I 
restriction fiiigment into the polylinkcr of the repUcative 
plasmid pHT305. Plasmids pSICI, pSlG4, pSIGS, and pSIG7 
were each used to tr^sfonn QB5503. In each ca^, 80-90% 
of the colonies on X-Gal plates were blue» indicating com- 
plementation of the sigL mutation. All four plasmids restored 
^-l^actosidase and levanase activity. In contrast, the intro- 
duction of p$XG2 or pSIG3 into QB5503 gave 80% white 
colonies on X-Gal plates. This persistent heterogeneity could 
be due to recombination between the cloned fragment and 
chromosomal PNA. These experiments led to the conclusion 
that the sigL gene overlaps the two Sst I and the two EcoRV 
restriction sites present in pSIGl. To confinn the comple- 
mentation data obtained with pSICl and deleted derivatives, 
a recE null mutation was introduced by transformation into 
QB5503, giving QB5504 (see Material and Methods), trans- 
formants obtained with pSIG7 were all blue on SPem/X-Gal 
plates, indicating complementation of lacZ gene expression. 
Spegific activities of ^^galactosidase were determined for 
strain QB5504 (r€cE::cat SigL) cairying either p$IG7 or the 
pHT305 vector as a control and were 775 units/mg of protein 
and 5 units/nig of protein, respectively. The level of lacZ 
gene expression obtained with pSlG7 was almost identical to 
that obtained with the parental sigL"*" stiain, QB5501* grown 
in the same conditions (820 units/mg of protein). The expres- 
sion of sacC was also constitutive in QBS504 carrying pSIG7, 
as revealed by the plate test for sucrose hydrolysis. 



These results indicate that the sigL gene, or at least a 
functional pan of it, is located between the Sph I and the Fst 
I restriction sites of plasmid pSIGl (see Fig. 1), 

NodeoMe Seqveoce oC the sigL Gene. The DNA sequence 
of a 2.3-kb (htgmcnt of pSIG7 was determined on l>oth 
strands (see Materials and Methods). The sequenced region 
extends finom 600 base pairs (bp) upstream Irom the upstream 
Sst I restriction site to 1000 bp downstream from the down- 
stream £c0RV restriction site. An open reading frame was 
fotmd, containing a total of 475 codons ending with a TAA. 
The most likely coding region is preceded by a putative 
ribosome binding, site {AAAG G GGAGTQA « dG - -56.8 
kJ/mol) and begins with an ATG codon. The 0|>en reading 
frame extends 117 nucleotides upstream from the proposed 
ATG start codon. Since no other start codon preceded by a 
ribosome binding site at a correct distance was present 
upstream, this ATG is presumably the translational initiation 
codon of the SigL protein. The SigL protein would therefore 
be composed of 436 residues with a deduced molecular 
weight of 49,644. 

A computer search for similarities with other proteins 
revealed tnst the SigL polypeptide is similar to ail o^ factors 
from Gnun-negative bacteria. Fig. 2 presents an alignment of 
the subtiUs SigL polypeptide with of Rhizobium 
melilotl (32% identity) (21) and Kiebsiella pneumoniae (30% 
identity) (22). 

As in other o^ fisctors, two conserved regions aire present: 
an amino-terminal region (region I) composed of 50-80 
residues and a long region extending approximately from 
position 100 to the end of the protein (region ID). Between 
these two well-conserved regions, a short region (region II) 
of variable length shows little similarity between any pair of 
proteins. It has been already proposed that region II does 
not contain any structure critical for function (23, 24). 

A potenicial DNA binding domain has also been identiHed 
in the carboxyl-terminal part of the region III of the cr^ 
factors by comparison with other DNA binding helix^n>- 
heiix motifs (23). This sequence, between residues 320 and 
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Fig, 2, Compaxiion offf* subtUh (B*> SigL with similsr o^ factors frpm mettiati (Rm) and #f. pneumoniae <Kp), Amino acid sequence& 
of the pol/peptidcs were aligned by introducing gspi (hyphens) to maximize identity. Identical residues are boxed and numbers indicate the 
position) of the residues in each polypeptide. 
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345, is well conserved in cr^ of B« subtilis. The Do<ld and 
Egan method was utwd for the prediction of potential helix- 
turn-helix motifs. A standard deviattoo (SD) score of 6.38 SD 
was obtained, indicating that this region has a 100% proba- 
bility of being a helix-^um-helix motilf according to this 
nocthod of calculation (25). 

Another strongly conserved sequence (ARRTVAKYRE) 
has been found in all chanictcrized o^ factors (24). Eight of 

10 residues are also present in the corresponding region of the 
B. subtilis (position 414-421). The function of this se- 
quence is as yet unknown. 

The amino-temiinal region that is well conserved in other 
factor? is also conserved in the <r** of ^. subiUh, The first 
21 amino adds of region I contain 6 glutamine residues (Fig. 
2) and the regions 31-53 and 112-137 contain a combined total 
of 16 acidic residues. Moreover, there are two conserved 
motifs of 26 amino acids, each in the amino-tcrminal region, 
which Include two teucihe-rich heptad hydrophobic repeats 
that could form a leucine zipper .stnicture (26) (Fig* 3)^ , 

Thus» the deduced SigL pcolcin has all of the chamctenstic 
regions found in all o^ factors of Gram-ne^d^vo bacteria. 

]>iflriipdoD of the Geoe and PtaenotypM of «v 
A kanamycin cassette {aphAJ) was introduced into pSl05 
between the two EcoKV restriction sites, resulting in p$IG6. 
This slgL null mutation was reintroduced into the chromo- 
some of the sacJJS constitutive strain QB169 using pSIG6 by 
a double crossover event. In this str^n, the expression of the 
sacC gene was completely abolished. This result indicates 
that the ;ti(fL gene encodes a positive regulatory factor 
necessary for levanase expression. 

In Gram-negative bacteria, the or** has phyaiologieally 
diverse roles and strains that lack this factor have pleiotropic 
phenocypes. Nevertheless, it is not essential for viability 
under all conditions tested (2). 

To analyze the functional role of of B, subiUis, we used 
strain QB5505, which contains an apHAS insertion inactivat- 
ing the SigL gene. This mutant was tested for growth in 
glucose minimal media, each containing only one nitrogen 
source such as NH4 , aminobutyrate, urea, or nitrate. The 
growth of QB5505 on these nitrogen sources was indistin- 
guishable from that of the parental wild-type strain (not 
shown). 

E. Qoti strains lacking cr^ are glutamine auxotrophs and 
cannot utilize arginine as nitrogen source. Thus, individual 
L-amino acids were tested for their ability to support the 
growth of ^. subtilis sigL*' or sigL" strains in glucose minimal 
medium. Three classes of amino acids could be distitiguishcd. 
(0 Class I comprises amino acids allowing growth of sigL* 
and sigL^ strains: alanine, aspartate, glutamate, asparagine, 
proline, and glutamine. Threonine and histidinc allow slow 
growth and, s^n, no difference between growth rates of 
and sigL~ strains was observed (not shown), (if) Ctass 

11 includes amino acids that, when used as the sole nitn^en 
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Pig. 3, Comparispn tyf tho conserved heptad hydrophobic re- 
peats in <r^ ftetors. These regions could form leucine zipper nituc- 
tures according to Sa&se-Dwishi and Gralla (26). Identical residues 
are boxed nnd numbers indicate the positions of the residues in the 
proteins Crom B. subtilis (Ba>, E. coil (Ec). /T. pneumoniae (Kp)» 
Azotobacttr vinelandii (Av). and A. melHoti (Rm). 



Table 1. Doubling lime of 169 and QE5505 (j/j?t) suwiu grown 
in ofunimal medium contaiaiag varioua nitrugcn gomces 



OcNzblioB tiipc, hr 
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Ornithine 

Isoteucine 
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sourcci do not support the growth of cither sigL^ or sigL~ 
strains: c}fsteine» phenylalanme, tyrosine, glycine, lysine, 
leucine, methionine, serine, and tryptophan, (ill) Class III 
includes amino acids that support the growth pf slgL* strains 
but not that oisigL' strains; arginine, ornithine, vaUhe, and 
isoieucinc, whose utilization is therefore 0^ dependent (Ta- 
ble 1). 

The figL null mutation did not aCTect sponilatson, compe- 
tence, or motility (data not shown). 

sigL gene was located on the genetic map by transduction 
crosses using bacteriophage FBSl. A PBSl lysatc prepared 
from strain QBS505 containing the kanamycin cassette dis- 
ruptiog the aigL gene was used for transduction of strain 
QB4I06. After selection for Icanamycin resistance, linkage 
could be shown between the sigL::aphAS, cysBS, and hisAi 
markers. Introduction of. the sigL::aphA3 cassette by traris- 
fonnation ihto the genetic background of strain QB4106 
{cyM hisAJ frpC2) led to the construction of strain QBS50& 
isigL::aphAJ cysB3 hisAI trpCZ), This strain was used as the 
recipient in a four^^factor transductional cross Using a PBSl 
lysate from strain BO4100, which contains a chloramphenicol 
cassette in the sacB gene. This cross allowed us to map these 
genetic markers in the following order. cysB3, sigLt sacB, 
HisAl (Fig. 4). 

DISCUSSION 

The amino acid sequence deduced from the sigL DNA 
sequence of ^. subtiiis is similar to the sequences of nine o^ 
factors £rom Gram-negative bacteria (24, 26). The character- 
istic domain oratalzation of o^ fiactors is conserved in the^. 
subtilis Si^: a glutamioe-rich and an acidic-nch luniho* 
terminal region, a putative leucine zipper, and a helix-tum- 
hellx motif. 

The promoters controlled by o^ have conserved residues 
around positions —12 and —24 with respect to the initiation 
site. Sasse-Dwight and Cralla (26) suggest that the factor 
contacts the -12 and the -24 promoter regions* Two leucine- 
rich heptad hydrophobic repeats could dimerize to form a 
leucine zipper that makes contact with the -12 region of the 
promoter* The heUx-tunv-helix motif may help to bind the 
polymerase to the DNA through contacu involving the -24 
region <26). In the E. coU factor, two acidic regions are 
believed to i>e involved in the melting step during the initi* 
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Fig. 4, Genetic m»p of the 0« subtiiis ehromouHnal n;gion 
conuining tho sigL gone* This map was obtained from three-factor 
and four-Ikctor crosses by PBSl transduction. The numbers repre- 
sent values of 1 ~ the cotraiuduction fre<)uency. The arrows point 
from the selected to tho nonsclcctcd markers. 
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ation of transcription. The fonnation of the open complex 
also specifically requires the product of another reguUtory 
protein in addition to <r^: NtrC for the ^utamihc synthetase 
gene, DctD for dicarboTcylate transport in R. meliloti, and 
Rhitobium leguminosarum^ XylK for cataboUsm of toluene 
and xylenes in P. putida, NifA for nitrogen fixation genes in 
K. pneumoniae ^ and LevR in the case of the Icvanase operon 
oZB.subtiUsQM). 

The factors of Gram-negative bacteria and tta equiva- 
lent m B. stibtiiis are all positive regulatory factors for 
degnudative enzymes— ««g*i levanasc of subtitis (this pa- 
per), the enzymes involved in aigininc catabolism in E, coU 
and B, subtilisj and the enzymes involved in xylene and 
toluene catabolism in P. putida (1, 2). An important dtffer- 
encct however* is that B, subtilis sigL null mutants are not 
ghitamine auxotrophs unlike Gram-negative cr^ mutants, 
is required by Gram-negative bacteria for the expression of 
glutamine synthetase, a key enzyme» that has a dual role. (<) 
It allows assimilation of ammonium ions, the preferred ni- 
trogen source for growth of enteric bacteria, in a defined 
minimal medium with glucose as the carbon source. U should 
be noted that amino acids (such as glutamine. argmine, and 
maybe others) rather than ammonium are the preferred 
nitrogen sources in B, suhtlUs since they allow faster growth 
rates (this paper). (/O Gliitamine synthetase encoded by the 
gUiA gene, as well as <r^, is part of a central control system 
in Oram-negative bacteria aficcting transcription of nitrogen- 
regulated operons. Two additional genes of the glnALG 
operon are involved in this regulatory system: glnL and glnCy 
encoding the NtrB and NtrC proteins, respectively » The NtrB 
sensor kinase responds to the nitrogen status of the cell and 
modulates the activity of the NtrC response regulator. In 
conditions of limiting nitrogen. NtrB activates NtrC by 
phosphorylating it. whereas in nitrogen excess* NtrC is 
dephosphorylated and consequently inactivated by NtrB (1). 

In B. subtllU, no candidate genes for NtrB or NtrC 
equivalents have been found in the vicinity of the structural 
gone ginA, encoding glutamine synthetase (27, 26). Regula- 
tion of glutamine synthetase expression is apparently rather 
different from that observed in Cram-negative bacteria. Syn- 
thesis of glutamine is regulated by two proteins of the glnRA 
operon. TTic product of the glnA gone, presumably glutamine 
synthetase itself, is necessary for negative regulation of 
glnRA transcription. The glnR gene codes for a 16*kDa 
repressor, which possesses a putative helix-4um-helix motif. 
A possible model for glnRA regulation is that, under condi- 
tions of nitrogen excesst glutamine synthetase interacts with 
or modifies the glnR product, causing it to bind to the glnRA 
promoter region and repress transcription (29). 

Another property of the central nitrogen sensing system in 
Gram-negative bacteria is that it leads to a decrease pf the 
catalytic activity of glutamine synthetase by adenylylating 
the enzyme in conditions of nitrogen excess (I). In subt'dis, 
there is no evidence for adenylylatioD or any other inactiva-^ 
tion mechanism of the glutamine synthetase catalytical ac- 
tivity (30)» 

Ammonium-generating degradative enzymes are regulated 
by four distinct systems in B. subtilis: (0 the system medi- 
ating amino acid repression of histidinc and proline degra* 
dative enzymes (31); (lO the system controlling the expres- 
sion of glutamine synthetase, which is dependent on the GlnA 
and GtnR proteins (32); {(It) the system controlling the 
expression of asparaginase and urease, which could partially 
overlap with system //» since GlnA, but not GlnK, is involved 
in this regulation (32); (iv) o^-dependent reguUtion (this 
paper). It would be interesting to know whether o^-mediated 
regulation and the other systems are interrelated. 

It seems therefore that B. subtiUs does not possess the 
same adaptative system as that found in enteric bacteria. 
However, the nitrogen sensing system of Gram-ne^itive 



bacteria may not be needed in^. subtilis ^ since this bacterium 
can sporulate when growth slows down or is prevcntod due 
to nintigen deprivation. 

W« chsnk T, Msadek, A. KHct, and C. Etmcrich for hetpftil 
discussions, A. Edelman for editing the manuscript, C. Dugast for 
secretarial assistance, and B. Lcieclus for iUuicratkms. This work 
was supported by research fUsds from Institut Fasunr, the Centre 
National dc la Rcchcicho Scientifique, and Fondation pour la Re- 
cherche MMcale. 

1. Rcitzer, L. J. A Magasanik, B. (19S7) in Etcheriekic eoli and 
Salmontlta typHimurium: Celiutar and Mottcuiar Biology, eds. 
Neidhart. F. C, Inpabam. h L., Low, K. B., Magasanik, B., 
Schaechter, M, ^ Umbaiger, K. E* (Am. Soc. Microbiol., 
WashiflgtOQ), pp. 302*-320. 

2. kuftu, S., Ssatero. E.. Keener, J., Popham, O. A Weiss, D. 
(1989) merobiol. Rtv, £3, 367-376. 

3. Th6oy, B. A Henoecke, H. (1969) FEMS Microbiol, Rev. i3« 
341-358. 

4. D^bwlN>uiU6, M., Martin-VcrvtiBcte, 1. , Klicr* A* A Rapoport, 
O. (1991) Proc, Nad. Acad, Sci, USA ta, 2212-2216. 

5. Gibson. T. J. (1984) Ph.D. thesis (Univ. of Cambridge, Cam- 
bridge, England). 

6. Trieu-Cuot, P. A CQurvalin, (1983) Gene a3, 331-341. 

7. Lcpesazit, J.-A.« Kunst, F., Lepesant-Ki;gzIarova, J. A De* 
donder, R. (1972) Mot, Gen, Genet, IIS, 135-160. 

8» Casjcl. M. A Alonso. J. C. a989) Mot, Microbiol 3, 1269- 
1276. 

9. Cohen, S. N„ Chang, A, C» Y. A Hsu, L. <X972) Proc, S<iil, 
Acad, Sci, USA 69, 2110-2114. 

10. Kunst, F.. D^bartMuUl^. M., Msadck, T., Young. M.. Mauftl, 
Cm Kanunata* Klier, A., Rapoport, G. A Dedonder. R. 

(1988) J. Bacferiol* ITO, J093-5101. 

11. Msjtin, I., I>dbafbouiU6, M., Klicr, A. A Rapoport, (1989) 
/. BacurioL 17t, 1885-1892. 

12. Tpkahashi. 1. 0963) /. Gen. Microbiol, 31, 211-217. 

13. Lereelua* D., Arant^s, O., Chatifaux, J. A Ueeadet, M.-M. 

(1989) FEMS Microbiol, Utt. 60, 211-218. 

14. WeinnHich, Y.. Msadek, T. . Kunst. F. * Dubnau. D, (1991) /. 
Bac^eriol* 173, in press. 

15. D^bailMMilU^, M., Kunst, P., Klicr, A. A Rapoport, Q, (1987) 
FEMS Microbiol. Utt, 41, 137-140. 

16. SuUtvan, M. A.. Yasbin, R. E. A Young. F. £. (1984) Gene 29» 
21-26* 

17. Miller, J. H. (1972) In Experiments in Molecular Genetics (COId 
Spring Had>or Uh., Cold Spring Harhor, NY>» pp. 352-355. 

18. Sanger, F., Nicklen, S. A Coulson. A. R, (1977) Proc. Nail, 
Acad. Sci, USA 74, 5463-5467. 

19. Mnrtin, I., D6barbouill6, M.. Fcn^, E., Klicr, A. A Rapoport, 
a. (1987) Mol. Gen, Genet, 208. 177-184. 

20. Martin-Vonitniete, I., Debarbouilie, M.t Klicr, A. A Rapoport, 
G. (1990) J, McL Biol, 214, 657-671. 

21. Ronton. C. W., Nixon, B. T., Albright, L. M. A Aujubcl. 
F. M. (1987) /. Bacteriol, 169, 2424-2431, 

22. Merrick, M. J. A Gibhins, J. R. (1985) Nucleic Acids Res, 13, 
7607-7620. 

23. Merrick, M., Gibbins, J. A Toukdarian, A. (1987) Mol, Gen, 
Cenet. 210, 323-330* 

24. Kullik. I., Fhtsche, S., Knohcl, H., Saiuuan, J., Honnccko, H. 
A Fischer. H.-M. (1991) J, Bacteriol, 173^ 1125-1138. 

25. Dodd, 1, B. A Egan, J. B. (1990) NucMc Adds Res, 18, 
5019-^5026. 

26. Sftsse-Dwight. S. A Oralis. J. D. (1990) Cell 62, 945-954. 

27. Strauch. M. A., ArensOn. A. 1., Brpwn. S. W., Schneier. H. J. 
A Soncnsbcin, A. L. a988) Gene lU 257-265. 

28. Nakano, Y.. Tanaka, Kato, C, Kimura, K. A Horikoshi, 
K. (1989) FEMS Microbial, Lett, *7, 81-86. 

29. Schreier, H. J., Brown, S. W.. Hinclu, K. D., NomclUni. J. P. 
A Sooeasbcla. A. L. (1989) J, Mol. Biol. 210, 51-63. 

30. Fisher. S. H.. Rosenkrantz. M. S. A Sonenshein. A. L. (1984) 
Gene 32, 427-438. 

31. AUUnson. M. R., Wray. L. V.. Jr„ A Fisher, S. H. (1990) 7. 
Bacteriol, 172, 4738-4765. 

32. Atkinson, M. R. A Fisher, S. H. (1991) Bacteriol, 173, 
23-27. 



